Heterogeneous chemistry on sulfuric acid particles, probably enhanced in concentration by gravitational settling of the Pinatubo aerosol, is the most plausible explanation for the observed high HNO 3 concentrations relative to N20 in air parcels originating from midlatitudes.
Instrumentation
Ozone was measured by a chemiluminescence monitor, with ethylene as reaction gas. Optimization of the technique, including pressure independence between 600 and 1100 mbar, has been described by Gregory et al. [1983] . The monitor pressure was maintained between 600 and t t00 6-7% for the flight on February 17, 1993, and 3-4% on the other flights. N20 was measured using a tunable diode laser (TDLAS) spectrometer, built and operated by the Max Planck Institute for Chemistry in Mainz. The monochromatic output from a lead-salt diode laser is rapidly scanned [1 kHz] across a single rotational-vibrational absorption line of N20 centered at 4.47/am. Ambient air is pumped at a stabilized pressure of 45 mbar through a multiple reflection cell (White cell), which provides an optical absorption pathlength of 45.9 m. A high-frequency modulation scheme is applied to quantify the absorption from N20 in the sampled air. A calibration spectrum was regularly recorded during the flights and compared with the ambient spectrum, while purging the White cell with standard gas. A precision of 1% could be reached, limited by the stability of the laser operation point and calibration uncertainties. Total inaccuracy of 5% was mainly determined by the standard calibration gas. The technique is described in more detail by Wienhold et al. 
Results
The HNO3 data presented are 128-s averaged data from 10 mass spectra. The mean mixing ratio of N20 was determined in 6-s intervals using a real-time multiple linear regression algorithm that compared the ambient spectrum to a calibration spectrum. The 03 data were archived with a frequency of 1 Hz. The 03 and N20 data were filtered (1/128 Hz) for comparison with the HNO 3 data. The HNO 3 measurements were carded out at ambient pressures lower than 350 mbar to avoid pressure-induced ion defragmentation of the product On February 17, most stratospheric air parcels observed, originating from both middle and high latitudes, contained relatively low N20 concentrations; but an interesting distinction is found for HNO3: all air parcels originating from midlatitudes (A in Figure 4b ) contained relatively high HNO 3 concentrations and the air parcels originating from high latitudes (B) contained relatively low HNO3 concentrations. These variable HNO 3 concentrations will be discussed in more detail in the following sections.
On February 16, 17, and 18, relatively high N20 and low HNO 3 concentrations were found just above the tropopause. The back trajectories of these air parcels suggest that they originate from the troposphere (see x 10 -3. This shows that the partitioning of nitrogen species within NOy, i.e., the fraction of HNO3, is much more variable than NOy itself. As we will see later, the HNO3 concentration and, in particular, the partitioning of NOy species yields much information about the chemical history of the air parcels studied.
and N20
Scatterplots of N20 and 03 from all three flights are presented in Figure 11 . There is a clear anticorrelation discernable between the depicted species for all flights. The different origins of the air parcels, as described earlier, determine the different ratios; air parcels originating from midlatitudes are characterized by higher ratios than air parcels originating from high latitudes. This is clearly shown by the differences in the ratios of 
Implications for 0 3 Loss and Heterogeneous Chemistry
The relations between 03 and HNO3 from our data show significant differences compared to the AASE I and AASE II results for air parcels from both middle and high latitudes. Also, the O3-N20 relation on February 17 for air parcels originating from high latitudes shows differences with the AASE II results. These discrepancies may have been caused by differences in meteorological conditions, influencing the ratios between the trace gases, e.g., through stronger subsi- 
However, the solubility of HCI in sulfuric acid aerosols is a limiting factor, being highly dependent on the temperature and on the sulfuric acid weight fraction. The solubility of HCI is significant only for temperatures <200 K, and the importance of reaction (3) 
